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The Kosi System, the most northern estuarine system in 
the Republic of South Africa, supports five species of 
mangroves: Avicennia marina (Forssk.) Vierh. , Bruguiera 
gymnorrhiza (L.) Lam., Ceriops taga/ (Perr.) C.B. Robinson, 
Lumnitzera racemosa Willd . and Rhizophora mucronata 
Lam. All populations, particulary those of A. marina, C. 
taga/ and R. mucronata, were severely set back due to large 
numbers having been killed in 1965/1966. Recolonization by 
all is taking place, although growth is slow relative to that 
in many other estuaries in Natal and, further, the recovery 
has been hindered by biotic disturbance. Nevertheless the 
situation in April 1985 was one of active growth with , 
generally, dense stands of relatively short individuals in 
almost all parts occupied by mangroves prior to 1965, as 
well as a spread into places not previously recorded as 
having been occupied by mangroves. This distribution is 
shown on maps. Data, recorded periodically since 1972, are 
presented to illustrate structure of stands and changes in 
sizes of individuals in selected sites. 
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Die Kosi Sisteem, die noordelikste estuariese sisteem in die 
Republiek van Suid-Afrika, het vyf spesies van mangliete: 
Avicennia marina (Forssk.) Vierh., Bruguiera gymnorrhiza (L.) 
Lam., Ceriops tagal (Perr.) C.B. Robinson, Lumnitzera 
racemosa Willd. en Rhizophora mucronata Lam. Aile bevol-
kings, veral die van A. marina, C. tagal en R. mucronata is 
baie verminder want baie individue is in 1965/1966 doodge-
maak. Herkolonisasie deur die vyf spesies vind plaas, al is 
die groei stadig met betrekking tot baie ander estuaria in 
Natal en die herstelling word verder verhinder deur 
lewensfaktore. Nietemin, die toestand in April 1985 is een 
van bedrywige groei en, in die algemeen, is dit van digte 
kart boomopstande in byna al die plekke waar mangliete 
voor 1965 voorgekom het asook 'n verspreiding tot plekke 
waar mangliete nie vantevore opgeteken is nie. Hierdie 
verspreiding word op kaarte gewys. Data, periodies 
aangeteken sedert 1972, word aangebied om samestelling 
van gemeenskappe en veranderinge in grootte van individue 
in geselekteerde plekke te wys. 
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Introduction 
Lying approximately 380 km south of the tropics, the Kosi 
System is the most northern estuarine system in the Republic 
of South Africa and contains more species of mangroves than 
any other in South Africa. Five species of mangroves are 
represented at Kosi: A vicennia marina (Forssk.) Vierh., 
Bruguiera gymnorrhiza (L.) Lam., Ceriops tagal (Perr.) C.B. 
Robinson, Lumnitzera racemosa Willd. and Rhizophora 
mucronata Lam. Of these, C. tagal and L. racemosa, do not 
naturally occur further southward. 
The mangrove populations were severely adversely affected 
by water impoundment from August 1965 to January 1966 
due to the closure of the mouth of the system by a sand bar. 
This resulted in the death of the majority of all individuals of 
all species except L. racemosa (Breen & Hill 1969). Since the 
above period there has been no closure of the mouth and there 
has been recolonization by all species, as has been reported 
by Steinke & Ward (1973) and Ward eta!. (1976). 
In spite of several factors, recolonization and spread has 
continued with the result that, within the tidal basin, almost 
all the localities which supported mangroves prior to the 
1965/ 1966 mass morality (Breen & Hill 1969) have been 
recolonized. The exceptions to this are a few low 'islands' 
which were formerly dominated by A. marina trees, but 
which, after death and breakdown of the stabilizing plants, 
have been eroded or have been shallowly buried by waterborne 
sediments. Also, in the last few years, there has been a spread 
of mangrove saplings into situations not formerly occupied 
by them in recent times. The area under mangroves at Kosi 
makes this the third largest mangrove locality in the Republic 
of South Africa, having an extent of some 59 ha (Ward & 
Steinke 1982). 
The continued existence of healthy mangrove communities 
is seen as being beneficial to this estuarine ecosystem as a 
whole. This report is offered as a contribution towards a better 
understanding of these communities. Ceriops tagal has receiv-
ed more attention here than the other four species of man-
groves. This is because it is not as widespread as the other 
species, although more common than it was formerly con-
sidered to have been (Steinke & Ward 1973), and it is not 
able to be studied as a natural component of mangrove 
communities elsewhere in South Africa. 
Methods 
Distribution maps were compiled from terrestrial and aerial 
surveys. 
Semi-quantitative (cover-abundance ratings) and quantita-
tive data regarding numbers and dimensions of individuals 
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have been obtained from quadrats and transects, several of 
which were pegged to allow for repeated data gathering. Most 
of these were randomly placed in pre-selected areas. In one 
set of transects the shore of part of the tidal basin was sub-
divided into IOO m sections in each of which the starting point 
for three 2 m wide belt transects was chosen from random 
tables. Each transect was sampled as a series of 2 m x 2 m 
contiguous quadrats in which cover-abundance per species (for 
herbs) or per species and height class (for woody plants) was 
rated according to the Braun-Blanquet Cover-Abundance 
Scale (Mueller-Dombois & Ellenberg I974). In addition, all 
woody plants were individually counted and measured, biotic 
activity was noted and points along the transects were levelled 
to a local reference point, related to tidal levels. One such 
transect provided the data given in Table I. 
Notes and photographs taken during brief visits in the 
1950's have provided background information concerning 
general structure and appearance prior to the I9651 I966 mass 
mortality. 
Periodic height measurements have been made of particular 
individuals of C. tagal from I972. In addition to the many 
that occurred in the area marked 3 in Figure I, which were 
discussed by Steinke & Ward (I973), 63 individuals outside 
this area have been numbered for repetitive measuring. 
In determining height classes, 500 mm increments were 
chosen for convenience. Below 500 mm there is frequently 
uncertainty of anything other than ephemeral establishment. 
Where the rhizophoraceous genera are concerned, growth is 
often so slow that relatively old plants are still shorter than 
500 mrn, therefore this ftrsf category has been further classified 
into those individuals with four or more nodes and those with 
less than four nodes. Those of the former group, in spite of 
height, are generally well-established and are better indicators 
of potential change in stand structure, whereas the latter group 
is more indicative of the degree of recent recruitment. 
Apart from recording water levels and depths relative to 
plants, more detailed records were made on occasions. These 
involved a series of observation posts from the mouth to 
Mtando Channel where levels were recorded more or less 
continuously, in some cases for over I2 h at a time, to gain 
a better understanding of tidal influence in the system. Water 
levels were obtained by observing the movements of a modi-
fied fisherman's float in a graduated glass tube, up to I,S m 
long, affixed vertically to a stake or other stationary object 
able to be levelled to a common datum. The lower end of 
each glass tube had a much reduced aperture to act as a wave 
dampener. At the same time, flow direction was noted for 
surface and subsurface waters as were also wind direction and 
relative force. 
Salinities were obtained from a hand-held refractometer or 
an electrical conductivity meter. Earlier records were obtained 
by determining the Specific Gravity of the water concerned. 
Terminology for denoting salinity values follows the I959 
Venice System for the Classification of Brackish Waters 
(Ranwell I972). 
Aspects of environmental factors, relative to mangroves 
Morphometry 
Figure I shows an outline of the system with particular refer-
ence to those parts occupied by mangroves. Briefly, a series 
of lakes connects via channels to a shallow tidal basin which 
is connected to the sea by a mouth of variable, but relatively 
narrow, width. Depths of these water bodies (after Hilli969) 
are: Nhlange <30m, Mpungwini I8 m, Makhawulane 8 m, 
Sifungo approximately 2,5 m. Below Sifungo the basin is 
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much shallower, although depth varies with tidal phase. Water 
extends throughout the tidal basin at high spring tide, but 
much sediment (shelly sand) is exposed at low water when 
a winding channel is clearly seen to be the main water body 
lying close to the western and northern shores, at least to the 
lowermost section of the basin. 
Near the mouth, on the eastern shore of the lower estuary, 
is an outcrop of calcareous sandstone the top of which is a 
little above exceptionally high tides. This sandstone extends 
westwards under water causing an impediment to drainage 
and contributing to the time lag between an incoming tide 
at the mouth and that reaching the most seaward of the 
mangroves, all of which occur above the impediment. 
Hydrology and sedimentation 
The impediment to water flow is such that, during spring tides, 
full drainage of the tidal basin during ebb tide is not achieved 
before water levels begin to rise again. Consequently the lowest 
water levels in the tidal basin occur during neap tides, or, 
rather, early to midway in the phase between neap and spring 
tides. Also, during spring tides mean inflow rate is faster than 
outflow. This facilitates inward transport of sediments from 
the sea. It is these sands with shell particles, mostly unconsoli-
dated in the lower reaches, that have been deposited in the 
tidal basin. Streams draining into the Kosi System lack silt, 
consequently sediments are limited to reworked local sands 
or those more recently transported from the sea. This is 
considered to be an important factor in the establishment and 
slow growth of mangroves in this system. 
Although tidal effect varies with astronomical and meteoro-
logical conditions, neap tides, at least equinoctial neaps, do 
not reach as far as Sifungo. On the other hand, a high spring 
tide, at least an equinoctial spring, not only may raise levels 
by a few centimetres in the upper Mtando Channel, but also 
may cause a flow of oligohaline water into Nhlange, although 
this depends upon the level of that lake at the particular time. 
Local rains particularly the periodic intensive cyclonic types 
raise the level of Nhlange. The consequent increased outflow 
from this lake together with the influx of freshwater from 
seepage or drainage elsewhere reduces seawater penetration 
into the system. 
Salinity 
Where surface, subsurface and shallow waters are concerned, 
i.e. those that influence most directly the mangroves and 
associated plants, Lake Nhlange waters are mostly oligohaline 
and there is a progressive increase in value, rate of change 
and range of salinity with increased proximity to the mouth. 
Ukhalwe is a tidal backwater; the sheltered uppermost section 
is frequently fresh or nearly so, at least at the surface. In spite 
of the generally fresh to oligohaline waters in this section of 
Ukhalwe, on one occasion salinity of as much as 9°loo was 
recorded for surface waters overlying water of 12°loo. Values 
recorded for the mouth of Ukhalwe vary from 4°loo to 35°loo 
depending upon rainfall and tide; such values have been 
recorded throughout the mid to lower sections of the tidal 
basin. At high spring tide water of 35°loo is usually widespread 
throughout the main basin and 35,~1oo has been recorded 
for water basally inundating mangroves. 
Salinity values are lower in the upper section of the estuary: 
30,5° I oo is the maximum that was recorded for Sifungo (at high 
spring tide and, on that day, it dropped to 14° I oo towards low 
tide). The greatest range and change in shortest time recorded 
at Sifungo was 25°loo to 5°loo in 2 h 15 min following the 
turn of a high astronomical tide. 
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The peripheral shallows of Makhawulane are always of 
lower salinity than Sifungo waters and are generally meso-
haline. The maximum salinity recorded during this study was 
17,5°/co. Mpungwini waters vary from oligohaline (especially 
near the Mtando Channel entrance) to ~-mesohaline or higher 
on incoming spring tides near the connecting channel with 
Makhawulane. Salinities recorded for Mtando Channel have 
I Km 
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varied from< 0,5° loo to~ loo in the northern sector to 0,5° l oo 
to 4° I oo near Lake Nhlange. Although it was stated that 
Nhlange waters are mostly oligohaline, water associated with 
the few mangroves on the nothern shore (see Figures 1 & 3) 
has been recorded as being as low as < 0, 5° I oo and at other 
times as high as 7° I oo (this latter was localized in peripheral 
shallows, partly cut off from the main lake which at that time 
.__,Mouth 
Tidal basin 
Mpungwini 
Mtando 
channel 
Nhlange 
Figure 1 Locality map showing general distribution of mangroves in the Kosi System. X = isolated individuals or small groups; intensity of 
hatching corresponds with density. 
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was 4° I oo). The highest salinities reported for Lake Nhlange 
are 5-5,6° /oo, given by Hemens et at. (1971) who also 
recorded approx. 2507o higher values for Mpungwini and 
Makhawulane than those given above. 
Biotic factors 
Several factors have been adverse to the post-1966 establish-
ment and growth of mangroves. 
Fire has killed many individuals spreading into herbaceous 
communities or those on the periphery of mangrove stands. 
Lumnitzera racemosa sometimes recovers after having been 
burnt; the other species are particularly susceptible to fire. It 
would seem that merely the hot wind from a nearby fire, not 
c 
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necessarily the direct combustion of the individual, is sufficient 
to cause death. 
Many plants, mostly small although up to c.85 em tall, are 
uprooted when local inhabitants excavate crabs, a very com-
mon practice resulting in thousands of crabs being removed 
each month (R.Kyle pers. comm.). Crab digging takes place 
in mangrove and in adjacent ]uncus kraussii Hochst. com-
munities. Apart from the direct effect on individual plants, 
especially those pioneering the spread of mangroves, and on 
the crabs, such removal would reduce aeration, soil turnover 
and enrichment activities of crabs and thereby have also an 
indirect adverse effect on the mangrove environment. 
Trampling has killed freshly established plantlings or has 
' 
' 
Figure 2 Distribution of five species of mangroves in main estuarine section of Kosi System (mouth to Sifungo). X = isolated individuals or 
small groups, intensity of hatching reflects density of individuals; A = A vicennia marina; B = Bruguiera gymnorrhiza; C = Ceriops tagal; 
L == Lumnitzera racemosa; R = Rhizophora mucronata. Arrow points due north. 
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compressed the soil, preventing easy penetration by roots. 
Cutting of whole plants or their branches is seen to have 
been of particular importance. Larger stems are used as 
supports in the extensive fish traps or as poles elsewhere, 
whereas the shorter stems and branches are woven into the 
guide fences of the fish traps. All species have suffered from 
this, although A . marina seems to have been the most ad-
versely affected, not only due to the preference shown by 
locals for its poles, but also because the cutting often occurred 
before the production of flowers and fruit. In 1976, utilization 
of A. marina caused sufficient concern to warrant approach-
ing the KwaZulu authorities regarding its conservation since, 
at that time, there was much destruction of or interference 
with almost all trees in the tidal basin capable of producing 
propagules. 
Results of survey 
The general distribution of all mangroves, collectively, is 
depicted in Figure 1. That of individual species is given in 
Figure 2, for the main part of the estuary, and in Figure 3 
for the areas above the more truly estuarine section. Table 1 
gives an indication of the lateral distribution of mangroves 
1 
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and associated plants in on~ transect in the immediate vicinity 
of the quadrat which provided data for Figures 6 & 7; these 
are in an area where Ceriops tagal is well represented (area 3 
of Figure 1). Composition of stands in sample areas and 
changes therein are shown in Figures 4, 5, 6, 7 & 9 and Table 
2. Figure 8 gives statistical data for 63 individuals of C. tagal 
throughout the tidal basin, lying outside area 3 of Figure 1. 
In order that low numbers of individuals may be shown 
together with large numbers in different entities, logarithmic 
scales have been used in several instances. 
Discussion 
Distribution and current status (1985) 
Mangroves occur from just above the rocks near the mouth 
to just within Lake Nhlange as may be seen in Figures 1, 2 
& 3. The greatest concentration occurs on the islands and 
south-eastern shore of the tidal basin where all five species 
are represented. The topography, both angle of slope and 
altitude, in these sections is suitable for mangroves and other 
halophytes, as is exemplified by the transect shown in Table 1. 
Table 1 shows aspects of a situation in the relatively con-
centrated Ceriops tagal area as it was in September 1976, 
B 
Figure 3 Distribution of mangroves above the main estuarine section of the Kosi System (Sifungo to northern shore of Lake Nhlange - see 
Figure I for place names). Arrow points to due north; X = isolated individuals or small groups; intensity of hatching reflects density of individuals; 
A = A vicennia marina; B = Bruguiera gymnorrhiza; L = Lumnitzera racemosa; R = Rhizophora mucronata. 
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nearly II years after the mass mortality. Station 90 was 
approximately 500 mm higher than Station I, giving an overall 
slope of 1:180 for that section occupied by salt-tolerant plants. 
A break-down of this slope indicates better the suitability of 
this locality for halophytes. Station 7 was 60 mm higher than 
Station I, in the first quadrat on the vegetated shoreline, thus 
the mean slope for the first I2 m was I :200. From Station 7 
to Station 66 (20 mm higher) the mean slope was I :2950. 
Drainage from this II8 m section was poor and was further 
impeded by the slightly raised 'levee' on which Station 7 was 
situated. Such a locality was favourable for the recolonization 
by mangroves. The local importance of the individual species 
of mangroves prior to the I965/ I966 mortality is indicated 
by the cover-abundance ratings given for dead specimens 
which are high considering that, by I976, these were mere 
leafless skeletons from which the finer branches had already 
started to drop. The quadrat at Station 66 contained the, then, 
most landward A vicennia marina which was also, at that time, 
the most landward of all the mangroves in this transect. After 
Station 66 the community was dominated by ]uncus kraussii 
together with Sporobolus virginicus (L.) Kunth and, slightly 
higher, Nidorella linifolia DC., Diplachnejusca (L.) Stapf and 
spindly Phragmites australis (Cav.) Steud. , on a mean slope 
of I :60 until Station 90. After Station 90, situated at approxi-
mately high astronomical tide level, there was a rapid rise of 
S.-Afr. Tydskr. Plantk ., 1986, 52(6) 
approximately I: II to Station 93, situated some 30 em higher. 
The quadrat at Station 93 marked the seaward fringe of the 
glycophytes. 
Not indicated in the distribution maps is size or height of 
individuals. In spite of the density and extensive area of 
occupation in the central tidal basin, the individuals are short, 
not exceeding 7 m, although, near the mouth, A. marina 
survivors of the I965/ I966 mortality are just over 8 m tall. 
Figures 4 to 8 reflect the general height of the various species 
in the tidal basin, although the tallest plants did not fall within 
the sample plots. 
With the exception of one mature specimen of C. tagal seen 
in I967 (Breen & Hill I969) only a few small plants and, 
apparently, freshly established plantlings were the survivors 
of the I965/66 events; no mature plants were seen in I972 
(Steinke & Ward I973). From these survivors many individuals 
now exist, but they are confined to the main part of the tidal 
basin, with the greatest concentration occurring in the area 
numbered 3 in Figure I and shown clearly in Figure 2C. 
Lumnitzera racemosa and Bruguiera gymnorrhiza extend 
from the tidal basin to further from the mouth than any of 
the other species of mangroves. Both are tolerant of prolonged 
basal inundation by water of low salinity which occurs more 
frequently with increased distance from the mouth and both, 
more particularly L. racemosa, show poor growth in response 
Table 1 Distribution of vascular plants along transect, 2 m wide x 186 m long, at right angles to vegetated 
shoreline in Tidal Basin, Kosi Estuary, September 1976 (see Figure 1, area 3). Values are for contiguous 2 m x 
2 m quadrats and are in accordance with the Braun-Bianquet Cover-Abundance Scale (Mueller-Dombois & Ellenberg 
1974). Station 90 is at approximate High Astronomical Tide level and lies 0,5 m above Station 1 
Station Number 
Total Cover: 
Woody plants: 
A vicennia marina 
less than 500 mm 
500 - 999 mm 
1000 - 1499 mm 
1500 - 1999 mm 
2000 - 2499 mm 
2500 - 2999 mm 
3500 - 3999 mm 
dead 
Bruguiera gymnorrhiza 
less than 500 mm 
500 - 999 mm 
1000 - 1499 mm 
1500 - 1999 mm 
dead 
Ceriops taga/ 
less than 500 mm 
500 - 999 mm 
1000 - 1499 mm 
1500 - 1999 mm 
dead 
Lumnitzera racemosa 
500 - 999 mm 
1000 - 1499 mm 
2000 - 2499 mm 
Rhizophora mucronata 
dead 
Herbs: 
Triglochin striata 
Sporobolus virginicus 
Sarcocornia natalensis 
}uncus kraussii 
Nidorella linijo/ia 
Diplachne jusca 
Phragmites australis 
Jmperata cylindrica 
Digitaria natalensis 
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to repeated contact with water of high salinity. L. racemosa 
reaches its best development around Lake Mpungwini and in 
that general vicinity, including the Mtando Channel, where ro-
bust spreading specimens have been measured to almost 6,5 m 
in height and more than one stem from near the base is 
common. 
On the shores of Ukhalwe B. gymnorrhiza reaches its 
maximum size (approx. 16m tall and one had a stem almost 
50 em d.b.h. above well-developed. plank buttresses). Next 
in size are those on the western side of the estuary, just below 
Sifungo, and those on the western shore of the link between 
Makhawulane and Mpungwini. These are places where there 
is freshwater seepage into the system and waters are generally 
moving. There were several relatively tall survivors of the 
1965/ 1966 mortality along the Mtando Channel, extending 
to approximately half-way from the north. These have died 
in the last decade, apparently aided by fire, although, in 1985, 
there were a few slender individuals, the tallest of which in 
January 1984 was measured as being 3,3 m tall with a stem 
75 mm d.b.h. The dense surrounding herbaceous vegetation 
is regarded as being antagonistic to a more satisfactory esta-
blishment of B. gymnorrhiza along the Mtando Channel: the 
dense canopy prevents propagules from reaching the soil 
surface, the shade is very dense and the herbaceous vegetation 
supports occasional fires . 
A. marina survivors of the 1965/ 66 mortality existed sparsely 
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in the tidal basin and in the upper part of Ukhalwe. Also, 
until the late 1970's, two large specimens occurred on the 
south-eastern shore of Lake Mpungwini; these have sub-
sequently died and collapsed. In April 1985 the most distant 
specimens from the mouth were two survivors on the shores 
of the island between Mpungwini and Makhawulane. This 
species occurs nearest to the mouth and noteworthy survivors 
are robust trees, approximately 8 m tall, on the narrow beach 
at the base of the wooded dunes above the rocks near the 
mouth. In recent years, juveniles of A . marina (together with 
fewer B. gymnorrhiza) have begun to colonize the broad 
shallows, exposed at low water, on the southern side of the 
tidal basin (see Figure 2, A & B, broadly hatched section). 
For the remainder, in April 1985 there was good growth of 
young plants throughout the tidal basin to Sifungo and into 
Ukhalwe. 
Rhizophora mucronata is similar in its present day distribu-
tion to A. marina, (Figures 2R & 3R). It, however, is not 
as abundant nor does it extend quite as far seaward or as 
far up Ukhalwe as does A . marina. The most distant specimen 
from the mouth is on the island between Mpungwini and 
Makhawulane. 
Apart from the recolonization of those areas occupied by 
mangroves prior to 1966, saplings of all, except C. tagal and 
only a few R. mucronata, have become established along the 
shore of the tidal basin, north of Ukhalwe. There is no 
A 
I--
-
B 
h 
c 
L 
R 
iii 
b d 
iii i jj 
a c e abcdel abcdelghi 
Height class 
1 9 7 6 1978 1984 
Figure 4 Changes in mangrove community structure from 1976 to 1984 in lower Tidal Basin, Kosi (Figure I, area 1). Data from seven 20m 
x 10 m quadrats. A = A vicennia marina; B = Bruguiera gymnorrhiza; C = Ceriops tagal; L = Lumnitzera racemosa; R = Rhizophora mucronata; 
a- i = height classes (all nun) where a = < 500, a(i) stems with < 4 nodes, a(ii) stems 4 or more nodes; b = 500- 999; c = 1000- 1499; d 
= 1500-1999; e = 2000-2499; f = 2500-2999; g = 3000-3499; h = 3500-3999; i = 4000-4499. 
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evidence for the earlier existence of mangroves along this 
northern narrow shoreline. 
Dynamics 
Most of the living plants seen in 1972 apparently had develop-
ed from propagules dropped at or about the time of the death 
of the parental plants . The extremely large number of short 
Bruguiera gymnorrhiza was in keeping with a number of 
characteristics of this species and a combination of factors . 
These, it is suggested, would have included the following. The 
many potential parents prior to the mortality; propagules 
would have been dropped throughout the period of water 
impoundment, particularly at the vernal equinox; fertilization 
leading to the production of the propagules would have taken 
place before the blockage of the mouth; propagules and plant-
lings have been observed to have survived conditions which 
have killed the parents. Experimentation has shown that 
propagules of B. gymnorrhiza are able to survive more than 
a year's immersion in freshwater. The impounded water is 
likely to have been polyhaline, or of lower salinity, initially 
and to have become more dilute especially in the few weeks 
prior to the mouth being opened. After the opening of the 
mouth, the availability of already stabilized, organically en-
riched substrates would have favoured plantling establishment. 
This and their subsequent growth would have been further 
favoured by the reduction of water currents at high tides or 
equivalent levels (due to the presence of many dead plants) 
and the lack of interspecific competition. An idea of the 
density of these recolonizing B. gymnorrhiza stands, which 
occurred in many parts of the tidal basin, may be gathered 
from Table 2 and the Figures discussed below. 
Similar circumstances seem to have occurred with Ceriops 
taga/ and Rhizophora mucronata although both, particularly 
C. tagal, were far less numerous than B. gymnorrhiza prior 
to 1965. 
A vicennia marina embryos, on the other hand, show a 
much more rapid germination within the fruit after flowering. 
At Kosi, flowers of A. marina have been observed from 
October to January. Visits have not coincided with the maxi-
mum or the full period of fruit drop at Kosi; elsewhere along 
the coast of Natal, fruit drop has been observed from Februa-
ry to August, with the majority falling in March and April. 
Unfortunately no direct evidence is at hand, but it is likely 
that the two to three months' impoundment of water prior 
to the usual time of flowering may have been sufficient to 
have either killed many potential parents or caused a reduction 
in viable fruit production. Experimentation and field observa-
tions have shown that the propagules of A. marina are not 
tolerant of prolonged immersion in fresh water; the surface 
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waters in the system after the heavy rains of Cyclone Claude 
would certainly have been fresh or nearly so for just over 2 
weeks before the mouth was artifically opened, which Breen 
& Hill (1969) reported to have been on 20 January 1966. 
Whatever the circumstances, Breen & Hill (1969) did not 
report finding any juvenile A . marina in 1967, whereas those 
of the four other species , especially B. gymnorrhiza, are 
mentioned by them. 
Growth rates in the lower tidal basin have been slow, 
although those of A. marina and R. mucronata have been 
faster than those of the others. 
Figure 4 shows the changes in numbers and sizes of man-
groves in seven 20 m x 1 0 m quadrats on the island marked 1 
in Figure 1. The seven quadrats showed considerable differ-
ences in composition and density, for example, in 1976 the 
number of all individuals in one quadrat varied from 4 to 793. 
In this paper, the results from all seven quadrats are combined 
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Figure 5 A vicennia marina on island !320m2 in lower Tidal Basin , 
Kosi, January 1984 (Figure I, area 2). (i) Total population (n = 1805) 
shown as numbers per height class; where a - I = height classes in 
increments of 500 mm: a, < 500; b, 500 - 999; c, 1000 - 1499; d, 
1500 - 1999; e, 2000 - 2499; f, 2500 - 2999; g, 3000 - 3499; h, 
3500 - 3999; i, 4000 - 4499; j, 4500 - 4999; k, 5000 - 5499, I, 5500 - 5999. 
(ii) Height statistics for 50 individuals over I ,5 m tall: vertical line = 
range in height; horizontal line = mean height; upper and lower limits 
of block determined by one standard error on either side of mean. 
Table 2 Summary of numbers of individuals of five species of mangroves from 1976 to 1984 
in seven 10m x 20 m quadrats in lower tidal basin, Kosi (see Figure 1, area 1) 
Height 
1976 1978 1984 
Species All <0,5 m 2:0,5 m All <0,5 m 2:0,5 m All <0,5 m 2:0,5 m 
A vicennia marina 4 18 16 48 5 43 259 163 96 
Bruguiera gymnorrhiza 2071 1552 519 1694 1159 535 1346 793 553 
Ceriops tagal 3 I 2 2 0 2 I 0 I 
Lumnitzera racemosa 0 0 0 0 0 0 6 0 6 
Rhizophora mucronata 0 2 2 0 2 
All five species 2109 1572 537 1746 1165 581 1614 956 658 
Total density ha - 1 15064 11228 3836 12471 8321 4150 11529 6829 4700 
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and offered as an example of the situation in 1400 m2 of the 
island nearest the mouth. Table 2 gives a summary of these 
data. 
In the seven quadrats there was a reduction in overall 
number from 1976 to 1984. This was mainly of B. gymnorr-
hiza below 500 mm in height. The most marked decrease, 
as is shown in Figure 4 column a(i), lies in those B. gymnorr-
hiza juveniles with stems having. less than four nodes. With 
the exception of two individuals of C. tagal, all other entities 
have increased. The density of the recolonizing stands of 
mangroves may be appreciated from the figures obtained from 
one quadrat in which, in 1976, there were 793 individuals; 
none of these was over 2m in height and 642 ( = 32100 ha - 1) 
were under 500 mm tall. Of the mean density of 
15064 ha- 1 for all mangroves in all seven quadrats in 1976, 
980Jo were B. gymnorrhiza and, of these, 75% (or 74% of 
the total number of mangroves) were less than 500 mm tall; 
in 1984 the total density ha- 1 was 11529 of which 83% were 
B. gymnorrhiza and 59% of these ( = 49% of total) were 
Jess than 500 mm tall. 
In contrast, after a poor start, there has been a continuously 
improving recruitment, at least in recent years, and a more 
rapid growth of A. marina. The number of this species in 
the seven quadrats has increased from an absolute total of 
34 in 1976 to 259 in 1984; these represent densities of 243 
and 1850 ha -I respectively. The increase in this case was 41% 
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from 1976 to 1978 and 440% from 1978 to 1984 for all sizes 
combined of A. marina. The equivalent changes for B. 
gymnorrhiza for these periods were -18% and -21%. 
However, for those over 500 mm, the increase from 1976 to 
1978 was 169% for A. marina and 3% for B. gymnorrhiza, 
whereas from 1978 to 1984 A. marina showed 123% and B. 
gymnorrhiza 3% increases. Combining all five species of 
mangroves, for those 500 mm and taller, the equivalent was 
8% increase in numbers from 1976 to 1978 with a further 
13% from 1978 to 1984. 
On the island just discussed, A. marina was not as dense 
nor as tall as in other nearby, but more favourable, situations. 
Therefore, to gain a better appreciation of the overall status 
of A. marina on the lower islands and to obtain data for 
comparison with those on the shore of the neighbouring 
mainland, a count of all A. marina on the island marked 2 
in Figure 1 was made in January 1984. The results are given 
in Figure 5. The total of 1805 is equivalent to 13674 ha- 1 
of which 11583 were under 500 mm, thus indicating a good 
potential for an eventual return to A. marina-dominated 
communities in this region. Of the remainder, 34 ( = 258 ha - 1) 
were taller than 2 m, the tallest being 5,5 m. These values 
are markedly higher than those given for area 1 in Figure 1 
where the number of those over 2 m was 71 ha - 1 and the 
tallest was 4,15 m (yet outside the quadrats, although on the 
same island, two specimens were found to exceed 5,5 m). 
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In the area marked 3 in Figure 1 which is apparently more 
favourable for mangroves than either areas 1 or 2, a single 
quadrat 20 m x 10 m, initially randomly placed in this 
section, provided the data given in Figures 6 & 7. There is 
an approximate 5-year gap between the two sets of data. As 
was found elsewhere, there was a marked drop in numbers 
of those juvenile B. gymnorrhiza having less than four nodes, 
whereas all other entities show an increase in numbers and 
a general increase in height from 1978 to 1984. There was 
an overall increase of 420Jo in numbers of all individuals 
over this period; in absolute terms this was 1528 to 2167 
which is equivalent to raising the total density from 76400 
to 108150 ha - 1• For B. gymnorrhiza, the most numerous, 
there was an overall 7,5% increase which represents 6% for 
those less than 500 mm and 14% for those above this height. 
The equivalent increase for C. taga/ was 266% (overall), this 
being 526% for those under 500 mm and 52% for those above 
this height. The extrapolated density ha - 1 for C. tagal of 4750 
in 1978 and 17400 in 1984 gives area 3 of Figure 1 the highest 
density of this species in the Kosi System. A. marina showed 
an overall 378% increase which is comprised of a 390% in-
crease for those below 500 mm and a 329% for those 500 mm 
or taller. 
Height statistics are depicted in Figure 7 for the taller 
members in the quadrat in area 3 of Figure 1; again, there 
were numerical as well as dimensional increases. Comparing 
the 1984 status of those A. marina 2 m and taller in this 
quadrat with that of those in areas 2 and 1, the density ha - 1 
is similar to area 2 which is over three times that of area 1, 
whereas the height values are somewhat greater. In terms of 
absolute numbers, there were only six which fell into this 
category in 1984; this permits temporal comparison within 
the quadrat, but is considered not acceptable for spatial 
comparison beyond making the above comments. 
As is shown in Figure 2, apart from area 3 of Figure 1, 
C. tagal is sparsely distributed on the islands and southern 
shore. Sixty-three numbered specimens lying outside the con-
centrated area, which is featured in Table 1 and Figures 6 & 7, 
have provided the data for Figure 8. Some of the originally 
measured specimens have died or been uprooted or felled, 
others have been incorporated since the start of this investiga-
tion and there have been occasions when not all have been 
able to have been measured. Consequently the number mea-
sured on each visit has varied, as is indicated by the length 
of the columns on the bottommost line of Figure 8. Several 
have shown, at different times, a die-back of their distal 
branches; hence the negative values depicted for certain periods 
in Figure 8 (a- e). Similarly, although cutting of the distal 
part of a main stem may not have caused death, height of 
that individual would have been reduced until growth of one 
or more of the side branches reached or exceeded the original 
height. 
The means, extremes and standard errors of the height 
values for all those individual C. tagal measured at each 
particular time are shown in Figure 8 (A- F). Any die-back, 
cutting or recruitment has been incorporated in these figures 
which represent the mean height of the total 'population' on 
different occasions. There has been, in spite of these factors, 
a general increase in height with time, although the rate of 
increase has slowed. The maximum height of any one individ-. 
ual rose from 1200 mm in December 1972 to 2190 mm in 
January 1984. The tallest of 1972 was later cut; the maxima 
for all the other periods pertained to one individual. The 
minima reflect recruitment, not cutting. 
Growth rate is indicated when the shift in height of 
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Figure 7 A comparison of number and height of taller individuals 
of A vicennia marina (A), Bruguiera gymnorrhiza (B) and Ceriops taga/ 
(C) in December 1978 (left) and January 1984 (right) in quadrat Cl 
(20m x 10m) in Tidal Basin, Kosi (Figure I, area 3) . Number below 
each column = number of individuals measured; horizontal line 
represents mean height; upper and lower limits of each block determined 
by one standard error on either side of mean; vertical line = range 
in height (from 2 m for A. marina and from I ,5 m for other two) . 
individuals between two dates, and not the mean of the whole 
population, is plotted against time. Such values, converted 
to mean change year- 1, are shown in Figure 8 (a- e). These 
show that the earlier increase in mean shift year- 1 slowed 
between 1973 and 1975 and, thereafter, there was a decrease 
in mean gain of height year - 1 for those individuals measured 
on each occasion. This may well be a reflection of growth 
in response to increased available nutrients following the 
1965/1966 mangrove mortality and subsequent decomposi-
tion, followed by later reduction in availability of nutrients 
which, it is further speculated, appears to be a characteristic 
of the greater part of the tidal basin. 
The maximum gain in height year- 1 for any C. tagal was 
shown by one whose height increased from 890 mm in Decem-
ber 1975 to 1540 mm in December 1978, this represents a 
mean gain of almost 217 mm year- 1 (Figure 8 c). This 
individual was not seen after 1978, it apparently having been 
chopped out, as was the individual that showed the maximum 
gain year- 1 (nearly 173 mm) for the period December 1978 
Jto August 1981, (Figure 8 d) . 
Only 21 of the C. tagal measured in 1972 were still alive 
in January 1984; these showed a mean gain of 49 mm year- 1 
for the full period, as is shown in Figure 8 g. Of these the 
maximum shift in height was a mean gain of 125 mm year- 1, 
shown by an individual that increased from 750 mm to 2140 
mm (this was one of the only two specimens, lying outside 
the area marked 3 in Figure 1, that was taller than 2 m in 
January 1984). This increase represents a 185% increase of 
its 1972 height. The maximum percentage increase was 228%, 
while the minimum was 24% for the full period. The individual 
whose net gain was only 24% showed die-back on three 
occasions. The tallest C. tagal in January 1984 was 2190 mm; 
this was a 90% increase over its height of 1150 mm in 1972 
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Figure 8 Height changes from December 1972 to January 1984 of individuals of Ceriops tagal lying outside the relatively concentrated C. tagal 
area in Tidal Basin, Kosi (Figure I, area 3). Vertical line = range of values; horizontal line = mean value; block depth determined by one standard 
error on either side of mean; lowermost heavy vertical line = number of individuals in each case; A- F = height values for all individuals on 
following dates: A, Dec. 1972; B, Oct. 1973; C, Dec. 1975; D, Dec. 1978; E, Aug. 1981; F, Jan. 1984; a -e = mean shift in height per year 
for individual plants for the following periods: a, Dec. 1972 to Oct. 1973; b, Oct. 1973 to Dec. 1975; al b, Dec. 1972 to Dec. 1975 (as single 
period); c, Dec. 1975 to Dec. 1978; d, Dec. 1978 to Aug. 1981; e, Aug. 1981 to Jan 1984; g = mean shift in height per year of 21 individuals 
for full period, Dec. 1972 to Jan. 1984. (i) regression based on A- F values (n = 206), where y = 84,90 + 0,4579x, correlation: 0,5919 fp > 0,001]. 
(ii) regression based on a - e values (n = 142), where y = 8,28- 0,8488x and x = mid-point between relevant dates (b slightly displaced for 
visual clarity), correlation: -0,3255 fp >0,001 ]. 
and a mean gain year- 1 of 94 mm. 
The only quadrat placed specifically for monitoring Lumnit-
zera racemosa was in the area marked 4 in Figure l. This 
was more or less central, or at least away from the taller 
waterward fringe of the community, at the western tip of 
Sigode Peninsula. Relative inaccessibility did not allow for 
the same repetition of visits as were effected for the other sites 
and, with the species having been given a low monitoring 
priority, it was not until April 1985 that the actual site of the 
1976 quadrat was revisited. On this visit the original marker 
pegs were not to be found. Since the earlier sampled area was 
only 20 m x 5 m, it is not possible to make meaningful 
comparisons between the situations of 1976 and 1985, even 
though the latter site was close to the former. The data shown 
in Figure 9 are presented merely to give an indication of the 
structure of this short community lying landward of the taller, 
denser zone adjacent to the channel. These data show similar 
densities for the two different dates which are equivalent to 
approximately 18000 plants ha- 1• More dead trees and more 
fresh cutting in the sampled area was seen in 1976 than in 
1985 when, nevertheless, at least a third of those living showed 
signs of their having been cut. During the recent visit large 
quantities of mature fruits were floating in the water but due 
to prolonged high water levels, no freshly established seedlings 
or small juveniles were noted. The potential for the continu-
ance of this species is high, at least whilst utilization is not 
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Figure 9. Lumnitzera racemosa at western tip of Sigode Peninsula, 
Kosi System (Figure l, area 4): numbers of individuals height class- 1 
I()() m - 2 in September 1976 (left) and April 1985 (right). a - h = height 
classes (all mm) where a, < 500; b, 500 - 999; c, 1000 - 1499; d, 
1500 - 1999; e, 2000 - 2499;· f, 2500 - 2999; g, 3000 - 3499; h, 
3500 - 3999. 
much greater than the current level. 
Where Rhizophora mucronata is concerned, too few plants 
have been measured over any length of time to make meaning-
ful remarks concerning growth rate. Between visits a few that 
were measured had been cut, thereby upsetting records. In 
general, growth and spread of members of this species is 
satisfactory, but it requires protection if large specimens are 
ever to be seen. 
Summary and Conclusions 
One of the more noticeable changes, following the five-month 
closure of the mouth in 1965/66, was the loss of large A vicen-
nia marina which had dominated the mangrove communities 
on the islands and south-eastern and southern shores of the 
tidal basin. Although there were a few which survived (mainly 
those peripheral to, or situated a little higher than the main 
bodies of mangroves), recolonization has been due primarily 
to the resilience of the propagules released at or about the 
time of the death of the parental plants. 
Initially Bruguiera gymnorrhiza became numerically domi-
nant throughout the tidal basin, in general slightly below the 
altitude occupied by Lumnitzera racemosa which survived well 
the event of 1965/1966. Height increase of B. gymnorrhiza, 
however, has been slow. 
In recent years, in the tidal basin, especially in the lower 
section, the faster growing A. marina has been progressing 
towards re-establishing its former dominance, at least if this 
term is applied to height. The state, however, is a long way 
from the numerous large-crowned A. marina dominating the 
lower islands and lower shores as they did prior to the event 
of 1965/1966. 
Rhizophora mucronata is also faster growing than B. 
gymnorrhiza, therefore taller for equal age or, often, for 
younger individuals. It is more sparse than B. gymnorrhiza. 
Ceriops tagal is well represented in a relatively small area, 
marked 3 in Figure 1, but it is sparsely distributed throughout 
the remainder of the tidal basin. Re-establishment of this 
species is satisfactory. 
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Stems of all species of mangroves, especially A. marina, 
are cut in large quantities. 
Juvenile mangroves are uprooted when crabs are excavated 
for food, as they are reported to be in thousands each month. 
The habitat is also liable to be adversely affected indirectly 
through the loss of the beneficial activities of these crabs. 
The rhizophoraceous genera and A. marina are particularly 
susceptible to fire . 
It is most desirable that controlled utilization of mangrove 
and associated biotic resources be implemented. 
It is suggested that an area be set aside in which no undue 
human activity would take place; this would include protection 
from fire, cutting of plants and excavation of crabs. Although 
this should be discussed with the local inhabitants, it is further 
suggested that such an area which would appear not to cause 
undue disturbance to traditional activity lies in the eastern 
section of the tidal basin. This suggested sanctuary would 
extend approximately 1 km along the eastern shore towards 
the mouth from a little south of the area marked 3 in Figure 1 
and it should be approximately 350 m wide so as to include 
the neighbouring islands. This area would include those areas 
marked 1, 2 and 3 in Figure 1 in which all five species of 
mangroves, especially C. tagal, are represented. 
Apart from this specially protected section, consideration 
might be given to a suitable subdivision of the remainder of 
the halophyte areas so that a rotational rest-and-utilization 
system could be introduced for the benefit of all. There is 
a need for additional monitoring sites. 
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